Abstract. Between March and October 2000, 157 suspected cases of leptospirosis hospitalized with complications of Weil's syndrome and a mortality of 8% were identified in Salvador, Brazil. We conducted a population-based casecontrol study to identify risk factors for acquisition of leptospirosis in neighborhoods with high endemicity during the rainy season-associated urban epidemic. Sixty-six (65%) of 101 laboratory-confirmed cases and 125 age and sex-matched healthy neighborhood controls were interviewed. Residence in proximity to an open sewer (matched odds ratio [OR] ‫ס‬ 5.15, 95% confidence interval [CI] ‫ס‬ 1.80-14.74), peri-domiciliary sighting of rats (OR ‫ס‬ 4.49, 95% CI ‫ס‬ 1.57-12.83), sighting groups of five or more rats (OR ‫ס‬ 3.90, 95% CI ‫ס‬ 1.35-11.27), and workplace exposure to contaminated environmental sources (OR ‫ס‬ 3.71, 95% CI ‫ס‬ 1.35-10.17) were found to be independent risk factors for acquiring disease. Some of these risk factors are amenable to focused interventions, which include provision of closed drainage systems for sewage and reduction of rodent populations in the peri-domicilary environment. Environmental control of transmission may help to greatly reduce the incidence of severe leptospirosis.
INTRODUCTION
Leptospirosis, which is caused by pathogenic spirochetes of the genus Leptospira, is acquired through contact with animal reservoirs or an environment contaminated by their urine. [1] [2] [3] Although considered to be the most geographically widespread zoonosis, 2, 3 it has traditionally been a sporadic disease of rural and tropical settings, restricted to risk exposures associated with specific occupational groups, such as farmers, miners, and abattoir and sewer workers, [1] [2] [3] and recreational activities. 4, 5 Recent outbreaks have raised new awareness concerning the risk of leptospirosis in disaster situations 6, 7 and sporting events. 8, 9 In contrast to these epidemiologic patterns, leptospirosis has been recognized as a major urban pathogen causing epidemics in Latin America. [10] [11] [12] [13] [14] In Brazil alone, approximately 10,000 cases are reported each year from all major cities (case notification records, Epidemiological Surveillance Department, Brazilian Ministry of Health). Cases have severe clinical presentations such as Weil's syndrome 14, 15 and severe pulmonary hemorrhage syndrome. [16] [17] [18] Overall mortality is 10-15% among outbreak cases. 14, 15 For those who develop severe pulmonary hemorrhage syndrome, mortality exceeds 50%. 17 Lack of basic sanitation in urban slums (favelas), together with frequently contaminated environmental exposures during seasonal heavy rainfall and flooding, is speculated to contribute to annual epidemics. 14, 19, 20 Rattus species are presumably the primary reservoirs, as observed during sporadic transmission in inner cities in the United States. [21] [22] [23] [24] However, beyond the widespread phenomena of climate and poverty, specific risk exposures at the community level have not been addressed. We previously described a large epidemic in 1996 associated with severe forms of leptospirosis and high mortality in the city of Salvador, Brazil. 14 In this study, we present findings of a population-based matched case-control investigation, performed during a subsequent outbreak in 2000, to identify risk factors for acquisition of urban leptospirosis.
agreed to participate in the study, two age and sex-matched controls were identified in the same neighborhood as that of the cases. Sex-specific age quartiles were pre-determined based on 1996-1999 surveillance data for Salvador and used to match control subjects with cases. Immediately after interview of the case patient, the field team surveyed households a distance of five domiciles from the case household, and at every household thereafter, to identify an appropriate age and sex-matched control subject. The second control subject was located in a similar manner, starting five domiciles from the household of the first control subject. Control individuals lived within 50 meters of cases with first control subjects located 5-10 domiciles from the case residence and second control domiciles located 10-18 residences from the case residence. Potential control individuals who recalled receiving the diagnosis of leptospirosis in the previous year were excluded. Cases and control subjects were enrolled into the study according to approved informed consent procedures.
Data collection and definitions. The study team administered a standardized questionnaire during interviews conducted between October 2000 and March 2001. The questionnaire examined potential risk factors associated with demographic and socioeconomic data; residential sanitary conditions; work-related, recreational, and domestic activities; and exposure to contaminated environmental sources and potential animal reservoirs. The data collected were based on interview responses and visual inspection for the presence of an open sewer and accumulated refuse at the residence. The following definitions were used to code responses. "Work" was defined as formal or informal-sector remunerative activity taking place within the last six months. "Proximity to an open sewer" was defined as residing within five meters of a collection or outflow of residential wastewater with inadequate cement covering. Similarly, the continuous presence of household trash within five meters of a residence was defined as "proximity to accumulated trash." Visual sighting of rats by study subjects was used to assess presence of rodent reservoirs. Subjects were further asked to specify the location of rat sighting (inside the home, on the porch, on the street, at work, other) and the number of rats sighted at a time (one rat, two to four rats, five or more rats.) Identification of rats in the peri-domiciliary setting was defined as sighting rats on the porch adjoining the subject's residence.
Serologic case confirmation. As part of the surveillance protocol, paired acute and convalescent-phase serum samples were obtained from suspected patients within 24 hours of admission and at a follow-up outpatient visit after hospital discharge (> 14 days after collection of the first sample), respectively. Samples were tested in an anti-leptospiral IgM ELISA according to the method of Terpstra and others 25 and Adler and others 26 , with the modification that a strain of Leptospira interrogans serovar copenhageni, isolated from a patient in Salvador, 14 was used as the antigen source. The cut-off for seropositivity was defined as the absorbance value of the 96th percentile in serum samples obtained during a city-wide seroprevalence survey of healthy individuals. For hospitalized patients with leptospirosis, the sensitivity was 70% and 100%, respectively, during the acute and convalescent phases of the illness. Cases were defined as confirmed if an acute or convalescent serum sample had absorbance greater than a threshold optical density used to define a positive reaction. 26 At the time of interview, a convalescent-phase serum sample was collected from cases that did not previously submit a sample. All cases included in the case-control study had a positive IgM ELISA result in either the acute or convalescent-phase serum sample. As an additional confirmatory test, the microagglutination test (MAT) was performed as previously described.
14 A case was MAT-confirmed if there was a four-fold increase in agglutination titers between paired samples, a reciprocal titer > 800 in one or both samples, or seroconversion from no titer (< 100) in the acute phase to a reciprocal titer Ն 400 in the convalescent phase. Cases and their matched controls were excluded from data analysis if the case did not have a MAT-confirmed diagnosis. A blood sample was collected from neighborhood controls subjects at the time of interview for the assessment of a recent exposure to leptospirosis. Control subjects were excluded from the matched pair during analysis if they had a positive IgM ELISA result.
Statistical analysis. Epi-Info (version 6.04) software was used for data entry and analysis from hospital-based surveillance and the case-control study. Analysis of variance and the chi-square test were used to compare means and proportions, respectively. The association of risk factors with the acquisition of leptospirosis was first assessed by univariate analyses. Continuous variables were dichotomized at the median value unless otherwise noted. Mantel-Haenzel odds ratios (ORs) for matched data and summary 2 with the McNemar correction were used to assess univariate associations. Highly correlated covariates, such as work-related exposures to different types of environmental sources of contamination, were combined into a single variable for multivariate analysis. A backward-elimination method was used to test all variables significant in univariate analysis in a conditional logistic regression model. Multivariate analysis was performed with Intercooled STATA 6.0.
RESULTS

Outbreak investigation.
Between March 8 and October 31, 2000, a period that includes the peak rainfall season, 157 patients were hospitalized who met the surveillance criteria for leptospirosis and who were residents of urban slums within the city of Salvador. Among these, 13 (8%) died during hospitalization and all identified cases had a clinical diagnosis of leptospirosis on hospital discharge or death. Of the 157 cases, 101 (64%) had serologic evidence of leptospirosis in the IgM ELISA. For patients with paired serum samples, the positive predictive value of the surveillance case definition was 94% (101 of 108). Seven patients did not have serologic evidence of leptospirosis who met the surveillance definition and for whom paired serum specimens were available. Based on the 150 hospitalized cases after excluding those who did not have serologic evidence of leptospirosis after testing paired serum samples, the incidence of severe leptospirosis for the city of Salvador (population ‫ס‬ 2,211,539 inhabitants 27 ) was 6.8 per 100,000 persons during the study period.
Among the 101 confirmed cases, 90% were males. The mean ± SD age was 35.0 ± 14.2 years for males and 43.3 ± 12.4 years for females (Table 1) . Severe clinical manifestations identified during hospitalization included jaundice (89%) and acute renal insufficiency (serum creatinine > 2.0 mg/dL, 75%; blood urea nitrogen > 100 mg/dL, 68%). Intensive care monitoring and intraperitoneal dialysis was required in 19 (19%) and 21 (21%), respectively. The mortality rate was 2% among confirmed cases.
Case-control study. Of the 101 patients with laboratory confirmation of leptospirosis, 83 (82%) were selected randomly as cases for the case-control study. Of these 83 patients, 66 (80%) cases were located at their residence and agreed to participate in the study. All 66 cases had serologic evidence of leptospirosis according to MAT and IgM ELISA criteria. Cases that were selected did not differ significantly from those who were not selected with respect to age, sex, and clinical presentation and outcome (Table 1) .
We identified 134 individuals who were matched by age, sex, and neighborhood of residence to cases. Of these, 132 (99%) agreed to participate in the study and were interviewed. Serum samples were obtained from 103 (78%) control subjects. Among these, seven (7%) who had documented evidence for recent exposure to leptospirosis according to the IgM ELISA were excluded from the analyses. The 66 cases and 125 control individuals had incomes within national poverty levels: for the 191 study subjects, median monthly personal and per capita household incomes were US$75 and US$44, respectively. Table 2 summarizes the findings of matched univariate analyses for risk factors associated with the acquisition of leptospirosis. There were no significant differences between cases and control subjects with respect to race (95% versus 90%, respectively, which were black or mixed race) and mean personal income ($120.90 and $121.70, respectively). The mean number of residents was 5.3 for household of cases and 4.7 for those for controls subjects (P > 0.05) and mean monthly household income did not differ significantly between cases and control subjects (US$59.25 versus $65.15 per capita, respectively). Leptospirosis was not associated with a residence of less than two years in the neighborhood, a history of leptospirosis, or a household member who had leptospirosis (P > 0.05). (Table 2) . Cases also reported flooding in front of their residence more frequently than did control subjects (44% versus 30%; matched OR ‫ס‬ 2.54, 95% CI ‫ס‬ 1.08-6.17). In contrast, access to potable water, peri-domiciliary trash accumulation, and municipal waste collection were not found to be significant risk factors. Visual inspection of accumulated trash and open sewer proximity was used to confirm subject responses for these exposures. Matched analyses did not identify a significant risk associated with specific peri-domiciliary (household cleaning and repair, food preparation, washing clothes), recreational, or leisure activities.
Environmental sources of exposure. Cases and control subjects had frequent contact with environmental sources of contamination; 83% and 60%, respectively, reported contact with sewage, floodwater, or mud during daily activities. The daily time periods spent outdoors (> 6 hours) and outside the domicile (> 6 hours) were associated with an increased risk for acquiring leptospirosis (matched OR ‫ס‬ 2.67, 95% CI ‫ס‬ 1.03-7.64 and matched OR ‫ס‬ 3.00, 95% CI ‫ס‬ 1.35-6.75, respectively). However, contact with any one of these sources was associated with increased risk of acquiring leptospirosis in the matched analysis (Table 2 ). For the 55 cases that reported contact with potential sources of contamination, 46 (84%) reported exposure in the street, 31 (56%) at the workplace, and 20 (36%) in the household setting.
Work-related activities. Among the 191 study subjects, 80% (141) received remuneration for work activities and 38% (72) had multiple work activities through informal employment. Cases and control subjects were engaged in manual labor activities such as construction (35 versus 23%, respectively), outdoor vending (9 versus 3%), and domestic service (5 versus 4%). A higher, although not significant (P ‫ס‬ 0.077), proportion of cases worked as mechanics when compared with control subjects (9 versus 2%; matched OR ‫ס‬ 10.00; 95% CI ‫ס‬ 1.00-15.99). Furthermore, working in an outdoor environment and workplace exposure to sewage, floodwater, or mud were associated with increased risk for leptospirosis (matched OR ‫ס‬ 2.46, 95% CI ‫ס‬ 1.04-5.11 and matched OR ‫ס‬ 3.27, 95% CI ‫ס‬ 1.48-7.22; respectively).
Reservoirs. Both cases and control subjects lived in a ratinfested environment: 92% and 88%, respectively, reported sighting rats during their daily activities. However, more specific questions revealed differences in rat sightings between cases and controls. A higher proportion of cases reported sighting five or more rats compared with control subjects (41% versus 18%; matched OR ‫ס‬ 5.00, 95% CI ‫ס‬ 2.22-21.25). In addition, sighting rats in peri-domiciliary (matched OR ‫ס‬ 3.40, 95% CI ‫ס‬ 1.74-11.78) or workplace settings (matched OR ‫ס‬ 2.40, 95% CI ‫ס‬ 1.11-5.17) were significant risk factors for leptospirosis, whereas sighting rats in the street was not (P < 0.05). The presence of a cat in the household did not significantly confer protection against acquiring leptospirosis. In contrast to association with exposure to rats, contact with dogs, mice, pigs, sheep, and other potential reservoirs in the workplace and household setting or during recreational activities was not significantly associated with disease acquisition.
Multivariate analysis. independent exposures compared with 75% of the control subjects.
DISCUSSION
In this population-based, case-control investigation of a leptospirosis epidemic in the city of Salvador, Brazil, residence in proximity to an open sewer, peri-domiciliary rat sightings, sighting of five or more rats, and workplace exposure to contaminated water or soil were identified as significant risk factors for acquisition of severe leptospirosis. Residing in proximity to an open sewer was the strongest factor associated with illness in the logistic regression model (matched OR ‫ס‬ 5.50), despite the fact that control subjects were selected from the same neighborhoods. Therefore, even within a neighborhood lacking basic sanitation, sampling within small distances allowed differences in sewer-related exposures to be detected. Similarly, although 90% of all respondents reported sighting rats, sighting five or more rats was independently associated with disease. Together, these findings suggest potential dose-related differences in exposure between cases and control individuals.
Exposure to flood or sewer water and mud at the workplace was also a risk factor for acquiring leptospirosis. However, in Salvador, the workplace for informal employment is often located within the same areas where the study subjects reside, making it difficult to separate workplace exposures from those associated with the peri-domiciliary environment. Identification of residential proximity to an open sewer and household rat infestation as risk factors indicates that much of urban leptospirosis during the epidemic season may be acquired through peri-domiciliary transmission.
Furthermore, the findings from this study provide epidemiologic evidence supporting the role of domestic rats as the principal reservoir during urban epidemics. More than 90% of the serovars isolated from patients during urban epidemics in Brazil belong to Icterohaemorrhagiae, 14, 28 a serogroup commonly associated with Rattus species reservoirs.
1,3 Sighting five or more rats and peri-domicilary rat sightings were independent risk factors for leptospirosis, whereas reported contact with other potential reservoirs, including mice and dogs, was not observed to be significantly associated with disease acquisition. Cases did not report direct contact with rats, suggesting that leptospiral transmission appears to occur primarily through exposure to an environment contaminated by the urine of rodent reservoirs.
The study was limited by the case-identification protocol based on a sample of cases with severe leptospirosis hospitalized during one epidemic season. Risk exposures associated with acquisition of milder forms of leptospirosis may not necessarily be the same as those that were identified to be associated with severe disease forms such as Weil's syndrome. Among 101 laboratory-confirmed patients who met the surveillance definition, 20% were not investigated because of death, inability to locate due to change of residence, or the random selection method used. To compensate for the sample size, two control subjects were matched to each case. In addition, matching according to neighborhood may have inadvertently masked other risk factors. Furthermore, as with all case-control outbreak investigations, the ability to recall exposures could have differed between case and control individuals. For example, exposure to pathogenic leptospires presumably occurs during peak periods of rainfall, 14, 29 and these time-related exposures could not be evaluated in this study due to limitations in subject recall.
Although annual rainfall-associated epidemics of leptospirosis in urban settings have long been recognized in Brazil, [10] [11] [12] specific risk factors during such epidemic periods have not been previously identified. Due to urban population growth and the changing pattern of poverty in the last 40 years, 30 a large proportion of the population in Latin America now resides in urban slums. Ecologic studies of urban epidemics of leptospirosis identified that cases geographically clustered in these areas of poor sanitation and flooding during periods of heavy rainfall. 14, 19, 20 The observations from this case-control investigation show that there are definable peridomiciliary infrastructure deficiencies within urban slums that contribute to these outbreaks. These identified risk factors are conditions that are potentially correctable not by individuals, but at the municipal and community level.
The severe clinical outcomes of leptospirosis drain developing-country health resources. During this single outbreak in the city of Salvador, more than 150 cases were hospitalized with complications of jaundice, acute renal failure, and bleeding diatheses necessitating intensive care monitoring and dialysis. The overall mortality rate was 8%. In other cities such as Rio de Janeiro and Sã o Paulo, outbreaks of leptospirosisassociated severe pulmonary hemorrhage syndrome are associated with mortality greater that 50%. 17, 18 Moreover, cases of severe leptospirosis identified by hospital-based surveillance are only a small fraction of all leptospiral infections. Severe disease is believed to represents 5-15% of clinical infections; 1,3 therefore, there may have been as many as 3,000 cases associated with this single outbreak. Furthermore, 7% of control subjects had anti-leptospiral IgM antibodies, indicating that a significant proportion of the population residing in high-risk regions are exposed to leptospires and may have developed recent sub-clinical or asymptomatic infections.
Because urban epidemics of leptospirosis are characterized by high mortality within the first 48 hours of hospitalization, 14 prevention and improved detection are required to improve clinical outcomes at the population level. Clearly, urban slums require adequate sewage containment and treatment urgently. In addition, rodent control programs must be targeted to decrease rodent populations in the peri-domiciliary and workplace environment in anticipation of annual periods of heavy rainfall. Finally, programs to limit exposure to pathogenic leptospires must extend to occupational settings. Further study is required to define and prevent exposures with contaminated water and soil in situations of informal employment and work conditions associated with urban poverty.
